The pair corre lation fun ctio n obtain ed from the ne utron diffraction data of Mozer, De Graaf, and Le Neindre, is given for Liquid 'He at several thermodynamic states above and below the superfluid tran sition. A method for s moothly and accurately extrapolatin g the pair fun ction into the limit of zero internucl ear se paration is co nsidered. The pair fun ction is co mputed from an approximati on integral e quation for the ground state wave fun ction and compared to th e experim e ntal results.
Introduction
The intensity of elastically scattered neutrons in an isotopic fluid defin es [lJ 1 th e struc ture fa ctor, S(K; p , T) , whi ch is a fun ction of K = I K -K o I, where K o is the wave vector of the ne utron before scatterin g, and K the wave vector after scattering. Th e quantities p a nd Tare respectively the density and temperature of the fluid sample. The structure fac tor is of parti cular interest as its Fourier transform , g2 (rI 2; p, T) , with respe c t to the internuclear distance r1 2, defines the local stru cture of the fluid.
The fun ction g2( rlt; p , T) is necessarily positive and is usually referred to as th e pair correlation fun ction ; we will adopt this nomenclature. Both neutron and x-ray [2] measurements of S (K; p , T) in 4 He have been made , but data of hi gh s tatisti cal accuracy, for several thermodynami c s tates in 1-3 K range , have on ly recently been reported [3J. The motivation for experiments at low temperatures is to explore th e chan ges in the behavior of the lo cal s tructure of liquid 4 He that might accompany th e transiti on at T= TA from normal to superfluid [4J. In addition , it is also known [5J that measurements of the isothermal density derivative of gt( rI 2; p , T) are a measure of the magnitude and range of the correlation between three atoms. Quite recently, Mozer, De Graaf, and Le Neindre [6, 71 have done neu tron diffraction measurem ents of high statistical acc uracy for several thermodynamic states in liquid 4He. Th e thermodynami c states at whi ch th e scatterin g experim ents were performed are Li sted in table 1. The table also includes the value of th e superfluid tran sition temperature, T A' for each de nsity con sidered. All tem peratures in table 1 are known to within ± 0.005 K, and all densities to within ± 0.25 perce nt. TABLE 
Thermodynami c states for g2 (r; p ," T) in liquid 'He
The bracketed number in the press ure co lum n is the observed pressure in Ihe Pascal unit;
1 .'rn=0. 101325 MP •. 
Pair Function from Scattering Data
We proceed next, to the results for g2(r12; p, T) and then in section 3, we d iscuss the short range be havior. The computation of the pair function from the PercusYevick approximation will be given in section 4 ; the article concludes, at section 5, with a discussion of results.
The results of applying eq (1) to the neutron diffraction measurements are given in There are two regions of rJ 2 which refl ect the principal uncertainties in measuremen ts of S (K; p , T) ; these are the small and large rJ2 values. The structure factor is positive and must satisfy, where klJ is the Boltzmann constant and K'J' the isotherm al compressibility. The experim entally accessible regions of K , the magnitude of the change in the neutron wave vector upon scattering, is limited. Therefore , in practice, one must necessarily extrapolate from a given small value of K to zero in order to satisfy eq (2) and one must also truncate S(K; p , T) at a finite value of K in satisfying e q (3). In the Fourier transform , the errors introduced in satisfying eq (2) lim S(K; p , T) = pklJTKT
",0 and lim S(K; p , T) = 1,
" ,00 [6 , 7] an extended discussion of the extrapolation to K= 0 , and we will, in the following section, discuss an algorithm to smoothly and accurately extend g2 
Short Range Behavior
The negative values of g2 (rI2; p , T) in table 2 are unphysical and are introduced into eq (1) by truncating S(K; p , T) . For physical systems, the pair function must approach zero in value as the internuclear distance approaches zero , and the approach to zero is presumably monotone.
We consider a method for smoothly extrapolating the results in table 2 to the value g2 = 0; as we will discuss, the method also applies to classical liquids. Consider the pair function for r1 2 ~ d and denote the function on this interval by ih (r12 ~ d) ~ The form [8 , 9] A = 2.032 and the dashed-dotted curve corresponds to m = 10, A = 1.016. As we have already mentioned, the results in figures 1 and 2 are typical of the results obtained using all the helium data in table 2, and from this we infer m = 5 is a good choice for 4 He. To deter-I mine whether the algorithm also has utility in classical liquids, we inves6gated the data of Yarnell, Katz, Wenzel, and Koenig [10] taken for liquid argon near its triple point, p = 0.0215j.A 3 and T=85 K. The results are shown in figure 3 where the solid curve is the experimental data, the dashed-dotted curve is eq (2) with m = 12, A = 2.670 and the dashed curve corresponds ---.---.-----r--,--.,-- to m = 5, A = 6.407. Relative to th e data for 4He, the argon results suggest that for classical fluids, m = 12 is a better choice. [12] , may be used [13] to obtain an approximate integral equation for g2 (r12) in terms of 4> (r12) -The result is,
Percus-Yevick Approximation
I . I 0 ~--.,----,-----,----.---.....,.---, Shiff and Verlet [14] have found from computer simulation studies, that for a Hamiltonian whose interaction energy, U(r12) , is the Lennard-lones function, the function (8) mInImIZeS the ground state energy. Using eq (8) and the algorithm given by Mandel, Bearman , and Bearman [15] , we have solved eq (7) for g2 (rI2)' All computations were done in units of (J", which for 4 He is [14] , (J"= 2.556 A. The so lid curve is the experimental resul t a t T = 1.940K. The da shed curve is th e P.Y.
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approx im ation, eq (7), with th e ground state function defined by eqs (6) and (8) .
The results for p(J'3= 0 409, which with eq (9) corresponds to p = 0.0245/ Aa, are shown in figure 4 . The dashed curve is the P .Y. solution aJld the solid curve is the measured value atp=0.0245/ A3 and T= 1.940 K In considering the relative agreement, which is within ± 15 percent, we wish to emphasize that there are three sources of error: (a) the uncertainty between eqs (6) and (8) 
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Same as figure 5, except p(J" 3 = 0.365 and experimental result (ref [14] 
Discussion
In a separate article [16] , we have employed the data in table 2 in the study of several properties of the pair and triplet correlation functions_ We reiterate one property that is particularly germane to this article. We consider table 2 in the vicinity of the first maximum of g2(rI2; (!, T), rl2 ~ 3.5 A, and the second minimum, rl2 ~ 5.3 A.. The magnitude of g2(rI2; p, T) -1 is referred to as the structure in the pair fun ction_ Table   2 shows that below Tx, the structure is a decreasing function of temperature as the temperature is lowered at fixed density. The same dependence on temperature is observed as the temperature is lowered, at fixed density, from above Tx, but below the boiling point, to temperatures below the superfluid transition. For classical fluids the pair correlation function is [16] an increasing function of temperature as the temperature is lowered at fixed density.
The algorithm given in eq (4) is, from figures 1, 2, and 3, a simple and accurate procedure for smoothly extending the values of the pair function inside the first maximum, to the value g2 = 0_ The short range behavior is very difficult to measure and perhaps the algorithm will prove useful in presenting experimental results from diffraction experiments. As we have already noted, the method appears to have utility in classical as well as quantum fluids.
It should be emphasized that the computations given in section 4 strictly apply to a fluid whose wave function at the absolute zero of temperature is given by eq (6) . With this in mind, the results in figures 4 thru 7 show th e P_Y. approximation is with ± 15 percent of the experimental results. The P.Y. approximation typically underestimates the magnitude and extent of the first peak in g2(rI2) but overestimates the function at somewhat larger (r12 "" 1.8a-) values of the internuclear separation. As expected, the agreement between the calculated and experimental results improves when the calculated results are compared to data at lower temperatures.
